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(57) Abstract: 

PURPOSE: Provided are a cathode active material of a lithium secondary battery, which can improve the capacity and the 
lifetime property of the lithium secondary battery, and a process for producing the same. 

CONSTITUTION: The cathode active material of the lithium secondary battery contains a lithium manganese spinel oxide 
(formula 1: Li(1-x)Mn(2-x-y)MyO(4+d)) and a lithium metal composite oxide(formula 2: Li(1-z)Mn(2-z-w)ZrzMew04) coated 
on the lithium manganese spinel oxide(formula 1). And the cathode active material is produced by a process comprising the 
steps of: preparing the lithium manganese spinel oxide(formula 1) as a central particle; preparing the mixture of the material of 
the coating layer(formula 2); coating the central particles with the mixture of the material of the coating layer(formula 2); 
calcining the coated central particles. In the formula, M is at least one selected from the group consisting of Ti, Cr, Co, Zr, V, 
Ni, Ga, and Gd, x is a real number of 0-0.12, y is a real number of 0-0.5, d is a real number of 0-0.05, Me is at least one 
selected from the group consisting of Ni, Co, V, Ti, Zr, Cr, Mn, Cu, Zn, Ga, and Gd, z is a real number of more than 0 and 
less than 0.1 , and w is a real number of 0-0.7. 
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(7i) 

(72) ^-^4 ^fl- 

cfl 3^ *1 -fr^ ^-if-g-38 1 - 42« *)LG^3 5* 10331 

cfl A l -fi-^ ^#*8 - 2>d*l 3 #o]-3FS5 14*4033: 

3 71 £ -§- <U a] ^1 £ f- o) ^ 3 69 4 *j £ eg o > 3}- e ! 0 1 ^ 1 0 1 3. 
tfl *1 ^ ^2. £ ^3 8 ! . 42^^) LG4^ 6-1-4023: 

cfl *1 -B-^ ^Sf-S-38 1 - 42^^lLG^^8-S-5103: 

(74) cfl2]oi £^sl 

5U-B- 



(54) Hl# 2 ^ ^ ^ a o V ^ 



4 alfl- 2 *f 3*13 <8=q- 55 ^ ^12: B o v lH 3 «£, elfi- 2 *V ^13] -8-%=, ^ ^ ^-g- 

€• tt^-fr °1* fl*H 211- 2 *> ^1^1 tt#3M ^olA-l, a ) Sj-7) 1S fiA]£l^ El# ajj]!^ 

«■: S b) ^71 a ) 4 e1# is| « ^i-ofl 3)43 Sl-71 fl-fl^ 2S. SAlsl^ Hlf- ^ *W ##t-g- 

imq i] 

Li, +X Mn 2 . x . y M y 0 4+d 

$7} HA), M-S- Ti, Cr. Co. Zr, V, Ni. Ga. 5 GdS <>1*<H*1 50.SJf.El 1 ^ °W 4*13^. xfe 0 ifl*l 

0.1231 ^(SE*) 6 !^. y^r 0 0.521 ^t^U, 0 Ml*] 0.052) ^oH, 
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[44*1 2] 

Li 1+Z Mn 2 . z . w Zr 2 Me w 0 4 

43 SHH 2<%*\, Mefe Ni, Co, V, Ti, Zr, Cr, Mn, Cu, Zn, Ga, ^ GdS. °]^f-°]?± 5-O.S43 1 ^ <34 #&s) JL, 
zfe 0 «£4 Hi 0.1 343 44°H. wfe 0 Ml*l 0.72) 4434. 

at!- 4 «14 elf- 2 4 3*13 44 44^3 *i]2 41H Si<H^i. a) 43 443 IS. £*l3xr 34 43 isj-g 

444°J f^^ff- ^2.5).^ £3). b ) 47] j}.^ 2S. £*13fe 344 33-3 4444 312:4^ £7)]; c) 43 b) 
4313 34# 3 £-3 itff 43 a) 4313 4*^43) 344fe £31; ^ d) 43 c) 4313 3] 43 441 °d 4* 

^eHr £7)11- £4*Kr 4>S4 3)^44. 

4 4-34 34 43 ^3^44-1-3 2]^. ^ 4^- 44-1-4 3)^.a]^ u]7V«^ 344 3443 °.3.3 34 

34 24 3*13 3 33) 434*3 C> 11*1 443 4i£4°fl -2.^] 3*I)34(SEI film)3 ^A] £.5L3fe 7 r 3 

4 3 #3 4^1*13 44 * 413 s-^j-l; 4433 4 oj^ ^ ^ ^^v^ *)l^SRr £3 

1- 4fe4. 

31 SSL 
£. 3 

A)10]0-| 

34. 2 4 3*1. 443. 44, 3 sat, 34 

£.33 344 4<s 

£ lfe 4*H io)]A^ jj^g <$= 4#;g4 A>44 E)# o]4 2 4 3*13 43 ^ #3434 434 a 21 = 014. 
£ 2fe 4*H 1 31*1 3, ^ bIhcJ i, 2ofl*1 312.3 44 44i)4 444 34 34 2 4 3*13 44(25 "C)<>fl*i^ 

^tg 5.^.g. as)] no] 4. 

£ 3fe 4*H l 31*1 3. ^ HlH 1. 23M 3123 44 44^4 444 34 34 2 4 3*13 ^4(55 °C)3H3 
41 444 434 ^3lH34. 

413 4314 ^1 
«Hgs| 4*j 

413 44fe 34 4 a 433 43134 

[434 3443] 

4 414 34 2 4 3*13 44 ^ 312: 4SH 44 3°-^. 4*1 elf- 2 4 3*13 44, ^ 4-3 4*^4 

t^-*l ? J 4 safe "9=4 1-43 ^ ^ 31s 'S-'fl-fl 44 5!<»14. 

[*2fl7l4] 

elf oi4 2 4 3*lfe *jiL34 4 < g°ll*1 4£s)l, 95 3i4efl°l 4*13 4*11 3 cfl ^4 443 44s 444a 214. 

^e»l|fe 4H^, PDA (personal digital assistants) 4 4471 7|7> 4"fl4^°ll 44 ^ 433 431 7> i^4. 7 J 4 

4£U ttfeifl ol ^4 3*13 ^44 3*1 44^°14. 
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aeW 344 ±m *■ t **S ^°H 7 1 "A* 0 * *^ 7 > 7 ^*- V # 7 l 7 d 34 « 

«4 -g-^-o) ^.a.^, -g-^l 444 elf- 2 4 3*13 7ll4°l it.^-34. 



*33 -g-^-fr *^l?l7l fl*H*r 3*13 **|**H<* 44. ell oj-g. 2 4 3*lfe elf-i- 3-4 4#4 <r 

Stffe 7flSL» 444 £^3 4-§-4i ell oi^o] o.^^ £^44*13 44444 °)413» 3t4 

^ <j^.g. 47] nfl^-ofl ^S\7.} 34 (rocking chair battery) 4i£ * 3*11 4^1 333 4 

4 4434 og^o) ££4 ^aflo»o] uV-§-i5H :SL*1I3«1I33-(SEI film) -8: $^$4. 1^3 Jl*113*11344 3^ 

<y43 £3°i4 3 o|^si $n<*2) zn* 34* 33 34* 4^1, ojufl <a^^o] ±SL 

i}7) n&<$ 7\W 313 4°1 #<H-f°1 333 44* Q±*Wn €4. 

444 333 4=$-& &W\7\ 3*H3fe 343 4433 34 4*13 -8-^* ^333*r 3* fl^l D J 3 

*1134-§- ^3*Kr3) £5-3 3 #3 34 3£44tt 3-E 4-3-44. 

s>Bi 44 e)f- ol^- 24 333 tfli^Sl °^ #§-34 31 ^ 341-S LiCoO 2 , LiNi0 2 , LiMn 2 0 4 4 
o) 44 4434 *3 (graphite)43 3^4 43- 4434. 4^ *#33. 343 4 ^33 7^3 ^* D ° V7 - V 
44 4444 4 V 343 Blf- ol^ 2 4 333 4^- 44 «i-3»ll «1 «fl 333 333, 3 7 r 3 43°f|4 334 

5fl7l n|4«1 35- 343^1 334 443^r 31 43 ^3 3 4443 <&3 4*13 443 120 ^3 1 
25 mAh/g 3 513- 4* 34 33 ^ -S-8-*> 7 l°fl^ 

a. ^ ^ ^-7] ^4^1 fl«H, elf- 2 4 343 ^ 5a°1^. 

a) 471 44*1 IS el# ^ 34#; ^ 

b) $7) a) 3 ell D J"3 i3>i 34#ofl 3 4€ 4^1 4^*1 2S. a^l3^ 
ell 44 34# 

# 5.44^ 0 ^ ^1^-44: 
[44*1 l] 

Li 1+X Mn2. x . y M y 0 4+d 

471 44*1 HH, 

Ti, Cr, Co, Zr, V, Ni, Ga. 5J GdS. o^ol^ 50.S.^-El 1 f 3^5)11. 
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xfe 0 0.12*1 #^(55$) °U. 
y^r 0 ^H*l 0.5*1 ^^t<>1j1, 
d^r 0 ifl*l 0.05*1 -a*r°H. 
[S**M 2] 

Lii +2 Mri2. 2 . w Zr z Me vv 0 4 
a^71 $-£<t] 2°)H, 

Mefe Ni, Co, V, Ti. Zr. Cr, Mn, Cu, Zn, Ga. GdS. ol-f.^*} $o.£.^-El j ^ a^s] j, 

0 32 0.1 °)^9l #<r°H, 
wrO^I 0.7*1 #^1}. 

££ £ g-'S-Sr el# 2 £*1*1 S-l-^Sl ^1S #>?H fl<>W, 

a) #7l *«W is £*is)fe ^f - #£ is)^ MtJXHt ^la 
Sf^ £31: 

b) #7l 2 S S<MS|fc ££*! *l|2:SRr £?»; 

c) b ) £31*1 €S.*1 ££#-§• #71 a) £7)1*1 f-g°J*H 314 

£711; 3? 

d) #71 c) £t)]*1 31 4€ f^*!"* £7fl 
#£#3Hr ^-g- *D^£4. 

SE* £ #71 o<K £#*Hr 2l# 2 4 £*1# *l|^£4. 

oi§Hl^ £ #<MI*1 ^£4. 
[#-§-] 

a. ^^o. a) f^Ajoj^oi em £31-1-4 b) 3)4#°J el# ^ 4£ 4£#* £££4. 

#71 a ) elf ££ i^l-i #^-#^r #71 $-*H IS. JtAl^feifl, o)^ elf- o|-g-£ ^###£ ^ Slo.nl is)<g 

* 7H2-S. elf 2 4 £*!*! 4€- «1*H ££^°1 7l-zH #$oi o^. 

#71 b) elf - -g-# 4£ ^£#£ #71 23. aAis|ji a) elf- ££ ^3)h& a^o-o, f^oj^o) x ^o)i 

<>! s|4*S- ol-f-^iHl, °1 el# 2 4 #*1*1 ^ 4^°1H -§-^3 °l-§-£ elf o] ly-^A] cH <g==- 

o.a t-°}.2.*l Hi 7^ elf-§- ^^Ai^l^dl 7H*U, #713 «)7>^ elf--& elf 24 £*1*1 3 £^ f^£4 

^oflAi %#^Sl £<gofl ^Aj£) fe JlSll^Sll^Bl-31 ^^<H| 4l2.Sl7)| *M 7 }<*Aj elf Si ±3-M. O.3.*) 
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*d*13 -8-^* qMM^lfc «iit* 44. 



^7}2\ 3)4#4 514^4 44 44-§-£-4, Zr «43°-3- «-S-^tHl Zr& «)7>« -g-4* #7M?lfe 

44. ^ 33. nj-^V Aj]^ AVS^o] 40]^S) ^fl ^4 W$ ^7>fc elf 44 i3) "3 44i"2l 5. 

£4 4713 3)442] ^1- 44 41" 44#£ °J-^sH ^«fl^l^- f^°J4<U elf- 44 ^ll 4444 

3 <£-§-§• 444*. ^313-43 Mn3 q*H4°1 413 SAj-g. 3 §4. 

£ tl-fr a) 4^4* n]3it\^ ^n, b) 34# 4-S-3 £444 *)l24fe 431, c) 34# 4^3 £41-* 44) 

•a^H 344^ £7fl, ^ d) 344 * A J°d4* 47111 itsvfe eif 2 4 433 4^- 4443 an 2 
-a- *ii444. 

47l a ) 4*13 4^4^ i ) ejf- J).**. 3 ii) 44 *W* £44^ £414 ^71, £^ 4^ 2 44% °14 

4 2E44fe £4 7>i 4471 4^*1 1 *fl4 50 *14 44 300 ifl4 900 C3 4£.§L ?*|3tiH *l)244. 47l i ) 
elf 4414 LiOH, LiOH- H 2 0, UCH3COO. LiCH0 2 , LiCH0 2 . H z O, 5 L1NO3S. ol^-o^ ^0.3.43 1 4 o) 

4 4^34 ^7i ii) 44 44*£ 443 44$, 44$, ^4$, 44$, ^4$. 7444 $4i, ^ -a*i*s 

014*14 ^°-S^-E] 1 4 *14 AlBfl^Cl-. 

4^4^ ^-7] 443 H 444 43 4°1 44 Mi- 4^3^3. £44 4 Sl^cll 44 m4 iii) 44 M* £44 
^ ^4 4443.43 ^44. ^71 -^4 M-& Ti, V, Cr. Co, Ni, Mg. Zr, Fe, Gd ^ GaS. °1-¥-<>14 40. 3.43 l 
4 34 4?»sl4 -3-4 M .g. £4-44 =4 4414 43 ^M2) 444 444 444 444 2:44 4$4 
4 $41. 4413. ol434 5.°-3.43 1 4 34 #sn£4 

43 b ) ^TilSl 314# «fi^r i ) elf- ^1-, ii) ^ iii) *1 S2t # E 

^ 4-§-4°l -8-sl)^?l #1 H«J-sH ^lla€4. # 3^ ° s v s* f-s] -fr7l-8-ifll- 4-§-4'3 e)# D ^ 7 J- 

^"71 i ) elf - LiOH, LiOH- H 2 0, L1CH3COO, LiCH0 2 , LiCH0 2 . H 2 0, S LiN0 3 S. <>1^«H^1 5».S.-?-El 

1 * ol^J- AjeiS] J7, AJ-71 ii) <3-7> ^^"#-8: D j-7i2l ^A><g ^AV<g ( ^A].<g > ^.A}.<§ ^A><g ^A><g, ^JHfr. 3 a> 
3SH-S ^^-S^-El 1 # ojAj. AiBjs]^ f Aj-7] Hi) xl H S ^. S^^# «A) Xle 2 ^2l ^A_V<g ^A].<g 

^<g, iAVcg, ^AV<g ^ A>^ #S . Ol^-OlXl ^0_S_^B\ 1 Al^^Cf. 

$7] ^-il 2°H M-Efd- 44 £°1 Me# ^ ^2} .2.3. i^-^S t Xifec-)] =^ Me^ iv) ^ Me# 
4tt ^"^ fl-fl-l-S^Ef ^S€4. ^71 ^4=- Me^ Ni, Co. V, Ti, Zr, Cr, Mn, Cu, Zn, Ga, 5 GdS <>1^-<H?! ^ 
S^-El 1 f> o)^ ^^SIji, ^ Me* It^c U- 7) ^ MeSl eJ-av^ *jAj.<g -a><« ^•A}.<g > 

"S, «S4#, 5 Oj^Al 5C £ «E| 1 OIAJ- A i @j^4 

#7] b) el# 4^ a>4#^ a) 2l# >*7i i^l ^ #o1 ) cflsH 0.1 tfl^] 50 7}^14. 



^71 c ) <a-7flfe A j-7] b ) ^r^loJ]^| 3)^ Aj. 7 ) a) ^)s) e] # nj.^ 4^- A>^ # Aj« o) - Aj 

xl-o)) 3144^ ^7115., ^ 7}x] AjAii ^ $14. 443 «8-^'& b) ^Tflsi el# ^ ^ ^&s] 3)4 

# €5.3 4^-1-2] ^^.oii sl^ -B-71-g-ojjsi ^^-on (sol) o)] #Ajoj7i.o) Aj. 7 | a) cj.^)^ ^f. dj-^j. >,3i^ 44 441- 

^7>4°i #elel# D J-#Ji H47l# t>l-§-4°l «1 ^£lel# ^44 ^ 1* 7^H -§- D fl* ^^7J4. 
°1 -§-°fl7r f^t4^^ ^joj^ 3)4^01 ^Aj^4_ 



4€- 443 M o V tj£ iL4 7_V4t> 34Al7|-& « 0 >^ a ) ^711 Si ^Ajog^s ^ofl 4^.4^^ ^ 47] b) 4^] 

si 3)4^21 f'Ajoj^^oj elf- 47} i3]>i 44 44#°11 S-^U 4 D 11» ^iat^^ ^^^4. 



- 5 - 



47114*1 42002-0065191 



d) 43HH4 e!4 D <J-# ^=1 -4 44 444 300 41*) 900 t2l 45L°1H 44 £4 4^ 440] 

10 44% °14<?] £fl7W4 1^44. 47] 7 r >:444 0.05 vfl^l 3.0 £ /gH (4t)14 *144 *f-v\) 
°H «i*|e] >M44 i ifl^i 30 a) 40] 3444. 

!*1el *144 -Sri^ 43°fl 47fl fl4M o}44 vflofl/,1 S^o] 7>44 B 1 2)442l 144 1*1ej 4£°1) 44*1 
<g*l5] 4^oflAl f^d*} S^ofl 5E.^§4 4S $14. 

u|7>^ 444 2^*}7l t!4€ 44 44^4 4 4^°)] 4€- 44 4^ 44 4 

4^4 £44°1 4-8-1- 4 5tl2.°l. £4 4 4^4 ^l 2 ! ^ 44^4 3L444 ej# 2 4 4*14 t)1444. 

oi^si -a ah BlSeflf. 44^ 4 4'34 3* 4414711 4*344. 4, 4*H4 £ 4^4 <41<M47l 34 
o] 440.5. 43*>4 «W4. 

[4*H] 
AjAlofl 1 

(4^ 7>21 ^2) 

4^2] el# 44 44 444 £.44 ^47] 3404 el44 * B ) [Li]/[Mn]7l- 0.538°1 Li 2 

CO34 MnQ>4 £44514. ^71^1 45-4 4H4711 £44 * 480 t°lM 10 a]4 44 *7l 437H4 1*lel4 

al, 444 #^A]7l7l ^4°i ^4^1^ *!l£44 4447H * * , 750 20 A]4 44 ^7] 437HH UV-g-A] 

3 isl'S 444 4^4514. 4*1 el 43°fl4 4 712} 444 0.1 « /gHS 4534. 4 7 ) 4^* * *H 'S 0 ^ elf 
44 44??44 Lij 05 M ni . 94 0 4 °1&4. 

(3] 44 

s)442l El## JH«fl>H LiOH- H 2 04, 44* 7114471 ^«fl Mn(CH 3 COO) 2 - 4H 2 0«, Zr4 *114 

471 ZrOCi 2 • 8H 2 0» 4-8-4S °1« 4s* 44 4*M*! ^ 30 ^ 4 244^ 4^4 e]f- -44 

441-21 £4 4°-34 ^4514. 

el 44 44^1 2:4-8- [Li]:[Mn]:[Zr]©l 4 «lS. 1.05:1.90:0.0521 4«l7> 5] £4 «U ^14421 44 1*1 el ^ 4 
44s =lSi4i 71-^4^ 44) < a4°fl cfl«fl 10 4%7V S|7|| 4514. 

(=14) 

471 43HH 4«14 214-44 44421 44 Mi el# 44 ^ 4 4444 37>*M ^44^4 ^11^4^ <>1 
*4 4°J|4 30 44 a44 * 7l-<a44^ 4^4 ^l^l^l^ 3)4^-1^4. 

(^) 

471 4^)1 ofl 4 3144 el 4 44 4444 (tube type) 47)5.4 a>44^ 70 o r^l^i 10 a] 4 44 1 
^el4?A4. ei^ 47I 4JH7H4, 4712] 444 0.1 « /gHS. 4534. 

(ElliS 42I 7)14) 



471 471H4 ^l£S B144 el 4 44 ^"fi 4444 44^s. 444^1 444 ^2i4554. °H £.4*114 44 ( 

graphite)*, 44*114 44i-4 0 l^(polyvinylidene Huoride; PVdF)» 4445J^- D 1, 44^:£4*fl 

:44tI|21 al44 44 H lS. 85:10:55. 4514. ^7-1 14^14 n- °l]l3l4el 4 (n- methyl pyrrolidinone; NMP)<H1 



- 6 - 



471)4*1 42002-0065191 



^«BA)?J * ^7) §1-^4 i4*fi» ^7)-*H 4334 *))^4534. <g<>14 4334 4444 Jio^o)] E)]o| ^^(t 

ape casting) 4^4 4444 4 130 C4 44 4^7H4 2 4# 44 42:44 oj==.^ ^2:444. 440. 

34 44£ 44444. 4^4 4^4 344 3715. af* * 44 *§e))4 4( C0in cell)-!- *)144$i4. 



°H 444 4*1144 LiPF 6 l4 4^44, 4*fl°-S4 °U13!4iLi-fl4S (ethylene carbonate: EC) 4 °fliHl 4iLi-fl 
4^.(ethylmethyl carbonate : EMC) 7 r 1:24 #a]s. £44 4634 444°j[4. 

(*3 43) 

47l 44°1]4 £44 44 [Li 2 Mn0 4 /LiPF 6 (l M) in EC + 2EMC/Li]S. £444<4 o] ^s] 4. 44444 4^ 
4^4 %7}tWm. olnfl 4. 44 ^oj-fi] .g.^ jg^jj. 3^011^ 3,o 4.5 V 3. 44 a 14* £ H 4 

4M144. 

4<£ 44<>) 3g 7 >^ 3.4 vflxl 4.3 V ^^oflAl 44<H144 44#°fl 4* «17>^ 444 44# £ 2<4 JX-Sr°)l 

44 4*3 4^4 44#°fl 4* Bl7>^ 4^4 44# je 3i a 444 44M)44. a Mfe Zr4 444 £4 
4 si ^«e| 4^ 444 444 >^4# 44444. 

44°il 2 

4*Ht 14 5g4>n 4444, ±$ 4t|4 244 450 t, 5 45514. 
4*H) 3 

14 -§-^44 4444, 44 s14* 4^4 *a 34W4 444 4 £-4 =£44 [Li] : [Mn+Zr] 4 4 4s. l 

:17> £)£4 44 44*r5!t4. °H Mn<Hl 44Zr4 444 [Mn]:[Zn] = 1.95:0.054 Si 4. 
44 "^l 4 

44°il 14 -f ^44 4444, ^3 444 €£4 4s 4?H4 444 4s4 4-1- *4fl*H 4«11 20 4%s. 4 
4 ^4444. 

44<"fl 5 

44°il 14 444tI] 4444, 444 4fi44 Zr4 44* 0.07 S3. 4^, 44<a4°)l 44 £444 444 5 4 
%s 4 £-4 44 44444. 

a] soil ! 

-4l*H 14 #114711 4444 47) 214* 4S-4 42 #31. « 44 444 ^544^ 4444 44 elf- 44 ^4 
-4 4444 4*44 4^14514. 

slJaefl 2 

42fil elf- 44 4^- -tbSH- 444 44471 34°! el#4 444 4 H l [Li]/[Mn]4 0.538^1 sl£4 Li 
CH3COO4 Mn(CH 3 COO) 2 * Z^JL Zr4 5 4%7 r 5) £4 444. 4714 «s* 4^4^ -S44 ^ 480 t«*H4 
10 *14 44 471 447H14 14 el 4 * 44* *4^l7l7| 4sfl^1 >34*l?l ^^44 444t11 4 * 700 r<Hl4 
20 ^14 44 *7l 447H4 ^44^ ^^"i 444 4^9444. 4*1 el 4^°114 444 44-& 0.1 e /gHS 44 
4. 471 4^4 4«il ^«H4 4# u ^ ^41 44#^& 24<>1 Li I05 Mn,. 90 Zr 0 . 0 5 0 4 <>144. 
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-g-^aj c|£^v u]7>^ 7>£o| Af-g-s]^ *i*HH Ji^^sll^ev^ ^4 

feCl| ^£3£|<H 7 }<q^ 5]f-6) H*)] *d*H *i tiff- ^^SVfeO) ±SLS\t± 

[£ 1] 



[it 1] 







£71 -8-£(mAh/g) 


*l7M**(mAh/g) 


l£t °<Kf %) 


£3**1 Zr#*(t%) 




**** 


1 


5 


1 


130 


125 


5 




2 


10 


1 


132 


124 


8 




3 


20 


1 


134 


123 


11 




4 


40 


1 


134 


123 


11 




5 


5 


3 


136 


120 


16 




6 


10 


3 


139 


120 


19 




7 


20 


3 


140 


121 


19 




8 


40 


3 


141 


120 


21 




9 
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ff£ 150 mAh/g°U -8-^-8: 118 mAh/g°d# i+Ej-iJU $1°-^ 44*1 Hl7>3 4 32 mAh/g^ £ <r 



£«• £ 2 * £ 3-S- 44 -a^H 1 vfl^l 34 1. 2^] #£(25 TC) S ol£(55 t)4M3 ^g^-fr 

<t 5U5514. 

^•^-8- elf- 431-#^ S^°fl e]#^r SHMfl.fi.S4q, «14«^ el#-g: $^Ai*U 

4tt4. 

(57) 3? 2] ^3 
1. 

el# 2 4 343 $4 SM4. 

a) 51-71 IS. iAjS]^ Sl# ^ iSl^i AV3}~§-; * 
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3-7l)f*1 s-2002- 0065191 



el# 

[*r*M l] 

Li, +X Mn 2 . x . y M y 0 4+d 

M-fr Ti, Cr, Co, Zr, V, Ni. Ga, $ Gd5. <>1^<H*! Sis^M 1 * 41^*, 
xfe 0 Ml*l 0.1221 -a^(Ktt)°l Jl. 
y^O MW 0.5^1 ^°U, 
drO^l 0.0521 ^°H, 

2] 

Li 1+Z Mn 2 . z . w Zr z Me w 0 4 
^71 Sr*M 2«1M. 

Mefe Ni. Co, V, Ti, Zr, Cr, Mn, Cu, Zn, Ga. ^ GdS. oj^o^ so. 3.^3 i & o]# Aj^s] jt, 
z-cr 0 Jttj- 32 0.1 <>l*rtl ^ 6 H, 
wrO^I 0.721 -a^olcl-. 

4 l *<h sa<H^i. 

^71 b)2l 211- ^ 4% -$7) a)2l elf- ^#2] 0.1 ifl*l 50 #%°J "9=^ 

ei# 2 *> ^12] <a=^ ##^21 inn sa°i^i. 

a) 5>7l 15. S^lSl^ elf ^B)^ ^# < y f^^r* ^las> ^ #71]; 

b) S r 7l Sr«M 23. £AlS)^ ^£.3] #7\}\ 

c) ^"71 b)^2] 3)-^ ^71 a)#7fl£l f'Aj og^ofl 



^7fls.*) s-2002- 0065191 



d) $7] c)#7l|s] f"8 ±$$1= <&?!) 

1] 

Li ]+X Mn 2 . x . y M y 0 4+d 
$7} S*«M lolM, 

M£ Ti. Cr, Co, Zr, V, Ni, Ga, ^ GdS. °]^°\$. ^O-S-^tf 1 o]s£ aJ@]S] jj, 
xtt 0 ifl*l 0.12^ -a^(*»)olji. 
y^r 0 0.5^1 ^ojji, 
dfe 0 0.05^1 -H^M. 
[S**M 2] 

Li )+Z Mn 2 . z . w Zr z Me w 0 4 
#7] 24M. 

Mexr Ni, Co, V, Ti, Zr, Cr. Mn, Cu, Zn, Ga, ^ GdS f|^-<H^I ^^-S.^ 1 * -id^SlJL, 
zfeO^-4 HjI 0.1 ol*Vtl ^t°H, 
w-& 0 MM 0.73 ^^olcf. 

3 5$1«>H 

^7] a) e?n3 f-a^^ 

i) 2)# S 

ii) D J"7i J*-** 

* 3.tSRr ^71, #± 2 °l^-g: £t*Rr 7>i ^-^71 «H|Aj i vfl*) 50 Al^h ^o]. 300 

ifl*l 900 CS1 ££S l^^eH "J^. 

^71 a ) ^Tflfi) ^41*3 7-Kr 
^71 All 4*J-7l7llfil 



^-2002-0065191 



iii) Ti. Cr, Co, Zr, V. Ni, Gd. ^ GaS. o]+<>\& ^SlS.^ 1 ^ ^1 §13^ ^ M* £fl-*rfc -g-^ S^f- 

* 3* i^Vfe £^r#-§- ^71, £^ -ihii 2 <>W# £t*Hr £^ A± *fl7l SHM 1 >fl*l 50 *m -f- 0 J- 
300 vfljq 900 r^l ££3. l*|3l*H *|£JNfe U^. 

6. 

*i 4 ih sa<H>i. 

^71 i ) elf- *W#o1 LiOH, LiOH- H 2 0, LiCH 3 COO, LiCH0 2 , LiCH0 2 . H 2 0, % LiN0 3 S. <>1^-<H*! 5°.S.*El 
1 * 0)^- Ajejs]^ ^ 

*0 4 im sa°i*i. 

ii) *S 5}-^-#Ol nj-^ € A><g 2jA].<tf 3g-A>.tf ^A><g ^A).* <tf ^ # g $g&3L 0)^°\$. Z± 

St 1 * 8. 

^i 5 sa«H>H. 

A <M iii) Ti, V, Cr, Co, Ni, Mg, Zr, Fe, Gd ^ GaS. ol^>l*] 3.-^ 1 ^ oJaj. Ajiajs]^ ^ M £ 

^ ^#0] AJ-7] ^ M2 ] ^.AV<g ^AV<§ ^AJ.<§ ^AVW ^A>(g ^Aj.* Oj ^ 
3.^3 1 * 0]Aj- Aiaj£]^ ^ 

* 3 1M SfloH. 

^7) b) <&7fls] al^^s] €jL7 j. 

i) 3#3^#; 
ii) 

iii) x]a^ 3}.^-§- 

10. 

all 3 Sl^H 

^7) b) ^£.7} 

#71 ^ 9^ 71 7fl S] ^#o)l 

iv) Ni, Co, V, Ti, Zr, Cr, Mn. Cu, Zn, Ga, S GdS. ^l-?-^ 5o.3.Jf 3 1 f> o|Aj. Aiejs]^ =^ Me-I: a^-*rb 



- 11 - 



^7fls-s1 -5-2002- 0065191 

^T 1 ^ 11. 

#7) i ) e)# SHt%<>] LiOH, LiOH- H 2 0, LiCH 3 COO, LiCH0 2 , LiCH0 2 . H 2 0. ^ LiN0 3 S. °)-?-<H^ 
12. 

^71 ii) °m w§-<>i pj-^vs] ^AV<y ^a><« ^a>« ^.av« ^<a^, <asn-. ^ -asu-s. oi^^ 

13. 

41 9*<H1 sa«H^. 

#7| iii) s^#°i ^Av<g, -A><g %^<§ ^a>« ^<aA><«, 3 $%%3. o] f- 

14. 

*)1 10*<MI sa°H, 

<$7) iv) Ni, Co, V. Ti, Zr, Cr, Mn, Cu, Zn, Ga, $ Gd-S- <>}^o]^ ^o_^B\ l f> o}Aj- ^ Me* 

5>fe ^ S^l^l W MeS] ^•g, <HJ<g, 2^, ^9i^, <8$&, 55 ^#3. ©1*©^ 

15. 

Jfl 3 *m sa©w, 

^-7) b)#7fl2} B^f^l A J-7l a) #3)21 ^^Al-fil 0.1 ^7] 50 U-S. 

16. 

*1) 3 *<H 5a°H, 

W C)^7)|S] a)^7i)Sl W$7\, ^ ^-71 b)^7l|Sl 2]4f^ £#*Hr #33* * %7\ 

£#fts| ^ejell- h«Vs]-^a1 7V1s>ji tt^n ^s]fe 

^T 1 * 17. 

A 3 1H1 5tf°H, 

^7| c) £7j|B} 31^-01 Aj. 7 l a ) ^-7)121 f^ 0 J*}f. f-ofl -fl^SH^l ^ $7) b) £313 3l4*2l f^*!- 

°fl e-f-au -a^fe u o v ^. 
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i 



^T 1 ^ 18. 

*l 3 W 

W d) #4$ ±^0) 0.05 3.0 i /gH ^7), BE.-C- 10 <>1>8-<>1 £^ 7>^2] §-^7] *H) 

^ 1 xfl^l 30 f-<L> 300 vflsq 900 £3 ££°1H 1^2]£]<H ^lslfe 

19. 

^7j »| 1 * 7l7fl^ SIM* e)# 2 <5K 

20. 

#7| XI i *j- 7)7flfil «g=^ £t«Hr e|# 2 2> 3*1. 

^71 xi 19 7i7«s] <a=# mm= 3# 2 *v 3*i. 



Mi 
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/ 
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" 3°^^ : 3.4-4.3V 




S-^S 0.2C 
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i ■ i > i i i > i 
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